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Available online 11 August 2016Vibrio parahaemolyticus is a pathogenic bacteria which has been associated to the early mortality syndrome
(EMS) also known as hepatopancreatic necrosis disease (AHPND) causing high mortality in shrimp farms. Path-
ogenic strains contain two homologous genes related to insecticidal toxin genes, PirA and PirB, these toxin genes
are located on a plasmid contained within the bacteria. Genomic sequences have allowed the ﬁnding of two
strains with a divergent structure related to the geographic region from where they were found. The isolates
from the geographic collection of Southeast Asia and Mexico show variable regions on the plasmid genome, in-
dicating that even though they are not alike they still conserve the toxin genes. In this paper, we report for the
ﬁrst time, a pathogenic V. parahaemolyticus strain in shrimp from South America that showed symptoms of
AHPND. The genomic analysis revealed that this strain of V. parahaemolyticus found in South America appears
to bemore related to the Southeast Asia as compared to the Mexican strains. This ﬁnding is of major importance
for the shrimp industry, especially in regards to the urgent need for disease control strategies to avoid large EMS
outbreaks and economic loss, and to determine its dispersion in South America. Thewhole-genome shotgun pro-
ject of V. parahaemolyticus strain Ba94C2 have been deposited at DDBJ/EMBL/GenBank under the accession
PRJNA335761.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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. This is an open access article under2. Experimental design, materials and methods
Vibrio parahaemolyticus is a member of the family Vibrionaceae and
can be found in diverse marine habitats, which is typically known to
cause food-borne gastroenteritis in humans. The pathogen causing
EMS or AHPND has been identiﬁed as a V. parahaemolyticus strain by
Tran et al. [1]. One bacterial strain was isolated from shrimp hepatopan-
creas obtained in cultured Penaeus (Litopenaeus) vannamei. The bacterial
DNA sample was prepared according to the phenol-chloroformmethod
of Sambrook and Russell [2]. The genome of V. parahaemolyticus strain
was generated using an Illumina TruSeqDNA PCR-Free Library (Illumina
Cambridge Ltd., UK) was performed on the Illumina MiSeq PE300 plat-
form. We obtained 1,235,827 reads, for a total of 280.9 Mbp. After trim-
ming and quality analysis, one hundred and ﬁfteen contigs were de novo
assembled using SPAdes [3], for a genome size of 2.07Mbp (46.0 cover-
age average). We also assembled the sequenced genome by reference,
by means of Bowtie using Vibrio parahaemolyticus RIMD 2210633 ge-
nome as template (5.16 Mbp size, with a GC content of 45.40%). Gene
prediction was performed by GenePRIMP [4]. Structural and functional
annotation was performed over coding sequences using RAST server
[5]. Brieﬂy, sequences were annotated using BLAST against non-the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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alignment length percentage ≥ 50%), Swiss-Prot [6], Clusters of
Orthologous Groups (COG), Kyoto Encyclopedia of Genes and Genomes
(KEGG) [7,8] and Gene Ontology (GO) [9].
The V. parahaemolyticus strain Ba94C2 de novo ﬁnal assembly
consisted of 40 scaffolds, 2.07 Mbp in size, with 113 untranslated RNA
sequences (Table 1) and 1932 predicted coding regions, represented
by two chromosomes (Ch) of approximately 3.28 Mbp (Ch I) and
1.877Mbp (Ch II). We also found one large extrachromosomal plasmid,
previously reported in all AHPND strains [10–13]. The contig number 16
(69.9 kbp length with a 66.9 coverage average) aligned signiﬁcantly to
V. parahaemolyticus strain 13–028/A3 plasmid from Vietnam [14]. The
putative virulence genes hereby annotated were also identiﬁed and
used to diagnose AHPND by PCR.
A homologue of the insecticidal Photorhabdus insect-related binary
toxin PirA/B was also identiﬁed in this study. This one is ﬂanked by an
arrangement of SWAT-3 type transposases (VSWAT3 like transposases).
This might suggest that the infection cluster could be a mobile element,
which implies that it is interchangeable between different Vibrio popu-
lations. Nevertheless, in this region, we were not able to identify either
resistance genes or secretion systems pivotal for the infection process.
Therefore, this virulence cluster should be further tested to evaluate if
it can only be transmitted between populations where organisms have
a pre-adaptation to the acquisition of insecticidal production genes.
Most coding gene functionswere predicted by the functional catego-
rization of COGs and GO. Gene functional distribution showed three
pathogenicity mechanism systems of invasion and intracellular resis-
tance involved in the protein synthesis (SSU ribosomal proteins): SSU
ribosomal protein S2p (SAe), SSU ribosomal protein S15p (S13e), SSU
ribosomal protein S16p, SSU ribosomal protein S18p (zinc-indepen-
dent), SSU ribosomal protein S6p, SSU ribosomal protein S7p (S5e),
SSU ribosomal protein S12p (S23e) and translation elongation factor
G. We also found at least twelve systems that contribute to the resis-
tance of antibiotics and toxic compounds, related to copper homeostasis
and tolerance, and multidrug resistance efﬂux pumps. Likewise, we
found sections with this kind of system also described in previous stud-
ies for V. cholerae, which are: tetracycline resistance and ribosome pro-
tection type (translation elongation factor G paralog), cobalt-zinc-
cadmium resistance protein, CopG protein, copper-translocating and
copper homeostasis protein CutE, magnesium and cobalt efﬂux protein
CorC, acriﬂavin resistance protein,multi antimicrobial extrusion protein
(Na (+)/drug antiporter) and MATE family of MDR efﬂux pumps. We
were also able to annotate at least three secretion systems (T1SS, T2SS
and T4SS).
In conclusion, in this study, we sequenced a V. parahaemolyticus
strain isolated from a shrimp pond in South America; this being a path-
ogenic bacteria related to AHPND. This bacterial strain exhibited the pu-
tative toxin genes (PirA/B) as well as a plasmid sequence similar to the
onepreviously reported in Southeast Asia isolates, but less related to the
strain from Mexico. The results of this study warrant a more profound
analysis of this emergent disease and the implementation of diseaseTable 1
Genome characteristics of V. parahaemolyticus strain Ba94C2 draft
genome.
Attributes Values
Assembly size (bp) 2,070,435
Total number of contigs 115
Contig N50 (bp) 34,478
Total number of scaffolds 40
Scaffold N50 (bp) 294,884
L50 3
GC content % 45.7
CDS 1932
rRNAs 12
tRNAs 101control strategies for cultured shrimp to avoid future disease outbreaks.
Thismay also contribute to progress fundamental knowledge on patho-
gens to develop new disease control strategies.
3. Nucleotide sequence accession number
The whole-genome shotgun project of V. parahaemolyticus Ba94C2
have been deposited at DDBJ/EMBL/GenBank under the accession
PRJNA335761.
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